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Background 
This document contains key messages for the secondary parameter ‘Nutrient concentrations and 
eutrophication’, as provided by the lead author Bärbel Müller-Karulis. 
 

Action requested 
The Meeting is invited to review the final key messages, provide possible comments for finalization of the 

key messages and endorse them to be sent for peer review. 
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Nutrient concentrations and eutrophication, key messages  
Bärbel Müller-Karulis, Bo Gustafsson, Stockholm University,  
Jacob Carstensen, Aarhus University 

1. Description   
Nitrogen and phosphorus pools are controlled by inputs from land and atmosphere and modified by biogeochemical 
transformations. Both nutrients cycle intensely between water column, biota and bottom sediments. Nitrogen fixation 
and denitrification act as major biogeochemical sources and sinks, whereas phosphorus tends to accumulate in bottom 
sediments 1,2.  
 
Bottom oxygen conditions govern denitrification loss and the distribution of phosphorus between sediment and water 
column. After a pronounced increase due to eutrophication until the 1980s3,4, Central Baltic DIN (dissolved inorganic 
nitrogen) and DIP (dissolved inorganic phosphorous) pools started to fluctuate with hypoxia 5,6 with higher nitrogen loss 
and phosphorus mobilization when hypoxia expanded.  
 

Links to other parameters: 

Stratification and ocean circulation 

Oxygen concentration and hypoxia 

Riverine nutrient loads and atmospheric deposition 

Ecosystem function 

2. Where is the change seen first? Is it already happening? 
Effects of warming and sea level rise on nutrient pools are masked by changes in loads and fluctuating bottom water 

oxygen levels5,6. Despite declining loads, only nitrogen concentrations decreased in most Baltic Sea basins after 1990, 

while phosphorus pools remained unchanged7.  

Overall confidence: medium 

Eutrophication has made shallow areas with restricted water exchange more prone to hypoxic events8. Nutrients 
liberated from sediments during these events have been shown to fuel summer phytoplankton blooms9. Changes in 
stratification and cloud cover10 currently prolong the entire phytoplankton growth season with earlier onset of the spring 
bloom and extended autumn blooms10,11, but no effect on surface nutrient concentrations is detectable yet6. 
 
Overall confidence: high 

3. What is expected to happen? 
Load changes will dominate future nutrient concentrations12,13, even though the projected warming is expected to 
increase internal nutrient cycling and stratification changes are likely to reduce bottom water oxygenation12–14.  
 
Overall confidence: high 
 
BSAP scenarios predict a decline in the Baltic DIP pool by up to 50% until 2070-210015 and a drop in surface layer 
concentrations12 in the Central Baltic by approximately 0.2 mmol m-3. With present day nutrient loads, predictions range 
from a slight surface layer increase in the Central Baltic12 to a drop in DIP pools by 25%15. Surface DIN concentrations 
remain unchanged in both scenarios12. 
 
Overall confidence: medium 
 
Without load reductions, extreme biogeochemical events such as cyanobacteria blooms are expected to occur more 
often16. 
 
Overall confidence: medium 

4. Other drivers 
Future nutrient loads will affect nutrient concentrations more than climate change12,13.  

Overall confidence: high 
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In the more oligotrophic Bothnian Sea and Bothnian Bay also future river loads of dissolved organic carbon will play an 

important role as they shift the balance between phytoplankton and bacteria in nutrient uptake17. 

Overall confidence: medium 

5. Knowledge gaps 
[max. 100 words] 

The magnitude and bioavailability of future nutrient loads as well as their transformation in the coastal zone are uncertain, 
as are future nutrient inputs at the Skagerrak boundary18. Predicted freshening has the potential to increase phosphorus 
binding in sediments19; both magnitude of salinity change and sediment response are uncertain18, as is the burial of 
phosphorus and the stability of sediment phosphorus forms, particularly in the coastal zone, where also quantitative 
knowledge about the abiotic and biotic factors controlling nitrogen pathways is lacking20. Dissolved organic forms are 
important components of nitrogen and phosphorus pools with poorly described dynamics.  

 

5. Policy relevance 
[max. 100 words] 

Eutrophication is one of the four thematic segments of the HELCOM Baltic Sea Action Plan (BSAP) with the strategic goal 

of a Baltic Sea unaffected by eutrophication, including “concentrations of nutrients close to natural levels”21. The EU 

Marine Strategy Framework Directive22 requires that “human-induced eutrophication is minimized”, with nutrients in the 

water column as criteria for assessing eutrophication. For coastal waters, the EU Water Framework Directive23 requires 

good ecological status, defined in terms of the quality of the biological community, hydromorphological characteristics 

and chemical characteristics.  
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